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Padota MOcBAIIeHa YJIbTpa3ByKOBOMyY MeTOJLY 
MCCHeOBAaHHA %*KeIe300eCTOHHbIX KOHCTPyKUMH 
mocue noxapa. MeToy, OCHOBaH Ha CBOHCTBE YIJIb- 
Tpa3BYKOBOHN BOJIHbI H3MCHATb CKOPOCTb Mpo- 
XOXKJICHUA B 3aBHCMMOCTH OT CTeIIeHH TMOBpe- 
*KICHHA %Kee300eTOHHOM KOHCTPyKIIMH B pe- 
3ylbTaTe moxapa. Mero WIMpoKO IIpHMeHsAeTCA 
TIP IpoOBeeHuU MOKapHO-TeXHuUYeCKUX JKCHEep- 
TH3 JIA YCTaHOBJICHHA OUAara MO%Kapa B MOMeILte- 
Huu. Llenb HacTosljei paOoTbl — BbIBeCcTH op- 
MYJLY, CBA3bIBaFOLLYHO KOIPMUUMEHT MpOxorx*KTe- 
HUA YJIbTpa3sByKOBOM BOJIHbI C TeMMepaTypou 
HarpeBa OeroHa. B mporpaMMHOM KOMIIeKCe 
Microsoft Excel aBTOpoM ObiuIM MOCTpoOeHbI rpa- 
(DHUKM WIA W3y4eHHA JMHeEMHOM WM MOJMHOMH- 
HaJIbHOM 3aBHCHMMOCTH KOIMduIMeHTa MpOxox- 
JICHHA YIbTpa3ByYKOBOM BOJIHbI HW TeMMepaTypBl 
HarpeBa OeToHa. B pe3yibTaTe ObwIO MOWyYeHO 
ypaBHeHHe, KOTOPOe yYCTaHaBJIMBaeT 3aBHCH- 
MOCTb Me@xKY KOIPMUUMEHTOM TpoOxox*KeHHA 
YJIbTpa3BYKOBOH BOJIHbI HU TeMIMepaTypon HarpeBa 
OeroHa. MakcuMasIbHad MOrpeliHOCcTb pe3yiibTa- 
TOB coctaBusia 20 °C mpu TemilepaType HarpeBa 
OeToHa, paBHow 400 °C. Ha ocnoBanun mosty- 
YeCHHOrO yYpaBHeHHA ObLI MOCTpOeH aITOpUTM JIA 
pacuetTa TeMilepaTypbI HarpeBa OeTOHAa H ero OC- 
HOBHbIX IIPOUHOCTHBIX XapaKTepHCTHK TO U3- 
BeECTHOM CKOPOCTH TIpOxOxX]eHHA YyIbTpa3ByKO- 
BOW BOJIHBI. 

Co3yaHve TporpaMMbIl Ha 6a3e OMMCaHHOrO B 
JIAHHOU CTaTbe alrOpHTMa MO3BOJIMT YCOBepIIeH- 


CTBOBaTb YJIbTpa3BYKOBOM Je@eKTOCKON UU pac- 


IWMpuT ero MyHKIMH. YcoBepliieHCTBOBaHHbIil 
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The article 1s devoted to the ultrasonic method of 
investigation of reinforced concrete structures 
after a fire. The method is based on the property 
of an ultrasonic wave to change the speed of pas- 
sage, depending on the degree of damage to the 
reinforced concrete structure as a result of a fire. 
The method is widely used in the practice of fire 
and technical expertise to establish a fire in the 
room. The aim of the work is to derive a formula 
relating the transmission coefficient of an ultra- 
sonic wave to the temperature of the concrete 
heating. The resulting formula should transmit the 
temperature of the fire impact to the reinforced 
concrete structure in the event of a fire as accu- 
rately as possible. 

In the Microsoft Excel software system, graphs 
were constructed to study the linear and polyno- 
mial dependence of the ultrasonic wave transmis- 
sion coefficient and the temperature of concrete 
heating. The equations obtained as a result of the 
study were tabulated and compared for the pur- 
pose of determining the equation with a minimum 
measurement error. 

As a result of the study, an equation was obtained 
that establishes the relationship between the 
transmission coefficient of the ultrasonic wave 
and the temperature of the concrete heating. Veri- 
fication of the equation obtained showed that the 
maximum error in the results is 20 ° C at a con- 
crete heating temperature of 400 ° C, which is 
very insignificant. On the basis of the obtained 
equation, an algorithm was constructed for calcu- 
lating the temperature of heating concrete and its 
main strength characteristics at a known rate of 
passage of an ultrasonic wave. 
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YIbTpa3sBYKOBOH e@eKTOCKON OyyeT nMoue3eH 
Kak COTPYTHHKaM CyJIeCOHO-3KCIepTHbIX yu4pe- 
*KICHHM PetepalbHOW NPOTHBONOXKapHOU CIyx«K- 
Obr «McnbiTaTesbHad WOxKapHad JadopaTopua» B 
ollpeyeseHuu OYara NOxKapa, Tak UW OpraHu3al{u- 
AM, OCYINCCTBJIAIONIUM ONeCHKY OCTaTOUHOM He- 
cylleu 
CTPyKIJMM Mocse MoKapa. 


CHOCOOHOCTH 2Kee300CTOHHBIX KOH- 


KJ1t04UeBbIe CIOBA: YIIbTpa3ByK, YIIbTpasByKOBaA 
eMeKTOCKONHA, YIbTpa3sByKOBOM Je@eKTOCKON, 
OeTOH, 2KeIe300eTOHHad KOHCTPYKUMA, WOKap, 
ouar noxapa, KOIPUMMeEHT MpOXO*KTeCHHA YJIb- 
Tpa3BYKOBOM BOJIHbI, TeMMepaTypa Harpesa Oe- 
TOHA. 

Bpejenne. YiibTpa3sByK IIPWMeHAIOT B pa3- 
NIMUHBIX OTPaCIAX YeOBeUeCKON WeATeJIbBHOCTH 
— TPOMBIMNJIeCHHOCTH, MeZMIIMHe, CTpOUTeIIb- 
CTBe. YJIbTpa3ByKOBbIe MeTOJbI UCCIeqOBaHHA 
OCHOBBIBaIOTCA Ha CBOHMCTBAX YJIbTpa3ByKa IIpo- 
HUKaTb 4epe3 pa3sJIM4Hble Cpeybl. CKOPOCTH yiib- 
Tpa3BYKOBONM BOJIHbI CYII[eCTBeHHO 3aBHCHT OT 
Bua cpeaqbl. HawMeHbiilylo CKOpOcTb pacipo- 
CTpaHeHHA YIIbTpa3ByYKOBbIe BOJIHbI MMCHOT B Ta- 
3aX WM %KMAKOCTAX, HavOOJIbITyIO — B TBepJIbIxX 
Teax. Tak, CKOPOCTb yiIbTpa3ByKa B BO3J[yxe CO- 
craBisaeT 331 m/c [1]. 

YuIbTpa3sByYKOBbI€ MeTObI UCCIeOBaHHA 
HalllIu WIMpoKoe paciiIpocTpaHeHue B CTPOMTeIIb- 
CTBe HW lOxKapHon Oe3onacHoctu. Mero, ocHo- 
BaHHbIM Ha UCCIeOBAaHHU CTPOUTeJIBHbIX KOH- 
CTPyKUMH TMOCpeCTBOM yJIbTpa3ByKa C_ I[eJIbIO 
olipeyeseHua JedeKTOB HU NOBpexeHHH, Ha3bl- 
BaeTCA yIbTpa3sByYKOBONM edekTocKkonuen. CTpo- 
MTCJIbHbIe KOHCTPyKIIMH 30aHHuH WU COOpyxKeHul 
MOryT ObITb H3FrOTOBJICHbI H3 pa3JIM4HbIX MaTe- 
puasIOB: *Kee300eTOHA, CTAaIIM, JIJPCBeCHHEI H T. J. 
Kak bi MaTepHasl B HOPMAJIBHBIX YCJIOBHAX 00- 
NaqaeT OMmpeesIeHHbIMM CBOMCTBAMH UW UMMeeT 
olpeylesIeHHoe 3HAYeCHHE CKOPOCTH NMpOxox*KTeHuA 
YIbTpa3BYKOBOM BOUIHbI. IlockoubKy OOBeEKTOM 
Hay4Horo UCCIeOBaHHA ABIIAFOTCA 2Kee300e- 
TOHHbI€ KOHCTPyKUMH 37aHui, cileqyeT OTMe- 
TUTb, UTO CKOPOCTb MOBEPXHOCTHOU yJIbTpa3By- 


KOBOM BOJIHbI B Oe€TOHE IPH HOPMAJIBHBIX YCJO- 





Creating a program based on the algorithm de- 
scribed in this article will improve the ultrasonic 
flaw detector and expand its functions. The 1m- 
proved ultrasonic flaw detector will be useful 
both to the staff of forensic institutions of the fed- 
eral firefighting service "Test Fire Laboratory", in 
determining the fire site, and to organizations car- 
rying out an assessment of the residual load- 
bearing capacity of reinforced concrete structures 
after a fire. 

Keywords: ultrasound, ultrasonic flaw detection, 
ultrasonic flaw detector, concrete, reinforced con- 
crete structure, fire, fire center, ultrasonic wave 
transmission coefficient, temperature of concrete 
heating. 


Introduction. Ultrasound is used in various 
branches of human activity (industry, medicine, 
construction). Ultrasonic methods of investigation 
are based on the properties of ultrasound to pene- 
trate through various media. The speed of an ul- 
trasonic wave varies and depends on the type of 
medium. The lowest velocity of propagation is in 
ultrasonic waves in gases and liquids, the largest 
in solids. So, the speed of ultrasound in the air is 
331 m/s [1]. 

Widespread ultrasonic research methods 
found in construction and fire safety. A method 
based on the study of building structures by 
means of ultrasound for the purpose of determin- 
ing defects and damages is called ultrasonic flaw 
detection. Building structures of buildings and 
structures can be made of various materials: rein- 
forced concrete, steel, wood and others. Each ma- 
terial under normal conditions has certain proper- 
ties and has a certain value of the transmission 
speed of an ultrasonic wave. Since the object of 
scientific research are reinforced concrete struc- 
tures of buildings, it should be noted that the 
speed of the surface ultrasonic wave in concrete 
under normal conditions is about 2000-2500 m / s 


[2]. The change in the structure of the material 
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BHAX COcTaBIIAeT OKOIO 2000-2500 m/c [2]. V3- 
MeCHEHHe CIPYKTypbl MaTepHalla IpPUBOAUT K U3- 
MCHEHHIO CFO CBOHMCTB UH, CiICOBATeJIbHO, K H3- 
MCHEHHIO CKOPOCTH MpOXxOxKJeCHHA YIIbTpa3ByKa. 
ViccneqoBaHve CBOHCTB YJIbTpa3BYKOBBbIX BOJIH, 
TIpowlesqmux wepe3 MaTepHall, OCYIIeCTBIIAeTCA 
CHeIWMaIbHbIM TIpwHOOpoM — YJIbTpa3BYKOBbIM 
J}e(eCKTOCKOTIOM. 

Mero, yJlibTpa3ByKOBOH eeKTOCKONHH B 
WpakTuKe MOKaAPHO-TeXHH4eCKOH YIKCHepTH- 
3bI. B pe3ylIbTaTe NOx*Kapa BO3eCHCTBHe BbICOKHX 
TeMlepaTyp Ha 2%Kese300eTOHHY!O KOHCTPYyKIIHI0 
IIPHBOJMT K OOpa30BaHHIO B CTpyKType OeToHa 
e@eKTOB UM NoBpexaeHui. VUcnapenue B we- 
MCHTHOM pacTBOpe XHMMYECCKH CBA3AHHOM BOJIBI 
WM WeruypatTalua PHAPOKcH a KasJIbUMA Ip BbICO- 
KUX TeMIepaTypax CIOCOOCTBYyeT TOABJICHHIO B 
CTpyKType OeTOHa MUKpO- HW MakpotTpemMH [3]. 
Pa3yluIOTHeHHe CTPyKTypbI OeTOHa MpHBOJIMT K 
oOOpa30BaHHI0 B erO CTpyKType BO3yxa. Kak oT- 
MeYaJIOCb BBIMC, YIbTpa3BYKOBbIe BOJIHbI B BO3- 
Ttyxe UMeIOT Hauxylee pacipocTpaHeHue M0 
CpaBHeHHO C TBEPJIbIMH MaTepHasaMH (B HallleM 
ciydae TBeEpAbIM MaTepuas — OeTOH). Takum o6- 
pa30M, MOBpexyeHuA HU WedeKTHI 2*ele300eTOH- 
HOM KOHCTPYKI[HU BbI3bIBaKOT YMCHBbINeCHHe CKO- 
PpOcTH IIpOxXO#KeHHA YJIbTpa3ByYKOBOM BOJIHBI. 
JJaHHoe CBOMCTBO HCIIOJIb3yYIOT COTPYTHHKH Cy- 
JIeOHO-9KCHeEpTHbIX Yy4pexyeHuH deepasbHon 
IIpOTHBONOKAapHOK cryxKObnr «McibiTaTebHas 
oxKapHasd JadopaTopua» (COY DIIC UIT). 

YiIbTpa3BYKOBY!O Je*eKTOCKOMMIO B IIpakTuKe 
IKCIeEPTH3bI MOKAaPOB CilIeqyeT OTHOCHTH K TMOIIe- 
BbIM MeTOJaM UccesqoOBaHHA. Ja yCTaHOBJICHuA 
ouara noxapa coTpyaqHuK COY DIIC UII c no- 
MOIIbIO YJIBTPa3BYKOBOrO edeKTOCKONAa OCy- 
Ie€CTBIAeCT U3MepeHve cCTeleHH MOBpexTeHuA 
CTPOMTeEIBHBIX KOHCTPyKIIMM B pe3ylbTaTe I0- 
*apa [2,4]. 3qanua I u Il cremenu orHecTonko- 
CTH, KaK IIpaBHJIO, H3rOTOBJICHbI U3 UCKYCCTBeH- 
HbIX KAaMeCHHbIX MaTepnasoB. IlupoKoe pacripo- 
CTpaHeHue B 32aHnAx | uv II cremeHu OrHeCcTONKO- 
CTH HUMeeT KOHCTPyKTHBHAad CXeMa, COCTOAINAA 3 
MOHOJIMTHOTO 2KeIe300eTOHHOTO KapKaca. 3a- 
IIOJIHCHHE IIPOCMOB B TaKHX 3J,aHHAX OCYIIeCTB- 


JACTCA C HUCUWOJILBSOBAHHCM KMpnu4dHon KJIaWKU 





leads to a change in its properties and, conse- 
quently, to a change in the ultrasonic transmission 
rate. Investigation of the properties of ultrasonic 
waves transmitted through the material is carried 
out by a special instrument — an ultrasonic flaw 
detector. 

Method of ultrasonic flaw detection in the 
practice of fire and technical expertise. As a 
result of the fire, the effect of high temperatures 
on the reinforced concrete structure leads to the 
formation of defects and damages in the structure 
of the concrete. Evaporation in a cement solution 
of chemically bound water and dehydration of 
calcium hydroxide at high temperatures promotes 
the appearance of micro- and macrocracks in the 
structure of concrete [3]. Distortion of the struc- 
ture of concrete leads to the formation of air in its 
Structure. As noted above, ultrasonic waves in air 
have the worst spread in comparison with solid 
materials (in our case, solid material — concrete). 
From all the above it follows that the damage and 
defects of the reinforced concrete structure cause 
a decrease in the speed of passage of the ultrason- 
ic wave. This property is used by forensic experts 
of the federal firefighting service "Test Fire La- 
boratory" (FEI FFS TEL). 

Ultrasonic flaw detection in the practice of 
fire examination should be attributed to field re- 
search methods. In order to establish a fire center, 
a FEI FFS TEFL officer, armed with an ultrasonic 
flaw detector, performs a measurement of the de- 
gree of damage to building structures as a result 
of a fire [2, 4]. Buildings I and II degree of fire 
resistance, usually made of artificial stone materi- 
als. A constructive scheme consisting of a mono- 
lithic reinforced concrete skeleton is widespread 
in buildings of I and II degrees of fire resistance. 
Filling of openings in such buildings is carried 


out using brick masonry or concrete blocks. 
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WIM OCTOHHEIX O0KOB. U3mMepeHue cTeleHu T0- 
BP@XKICHHA %*KeIe300eCTOHHbIX KOHCTPyKIUMM Co- 
TpywHukKoM COY AOIIC UII, cornacuo [2], 
OCYIICCTBIIACTCA B CIIEYIOWIeM NOpsAKe: 

1. HaMeyaroTCA KOHCTPyKIMU JIA OOcIeTOBa- 
HHA. ITO MOTyT OBITb 2%*KesIe300CTOHHBIe CTeHHI, 
IIIMTbI WepeKpbITHA, HecylMe %#*eue300eTOHHBIe 
KOJIOHHBI; 

2. COCTABIIAeCTCA IaH KOHCTPyKUMH (TMOTOIIKA, 
CTeHbI WJIM KOJIOHHBI) B MacilTa6de; 

3. c marom 25, 50 usm 100 cM Ha KOHCTpyK- 
IMM HaMeyarOTCA YAaCTKY NpO3ByYMBaHHA. 

Jjanee corpynHuk COY OIC UII sximouaer 
eeKTOCKON, MpvoKUMaeT WaTYHKW K KOHCTPyK- 
IMM UW MpOBOAMT W3MepeHve Ha TIepBOM HaMe- 
4yeHHOM yyacTke. IlockouIbKy B 2*Keue300eTOHHBIX 
KOHCTPyKUMAX HaXOJMTCA apMaTypa, yBeJIM4H- 
Balollad CKOPOCTb MpOXOxK CHUA YyIbTpa3sByKO- 
BOH BOJIHbI, TO H3MepeHHA HeEOOXOUMO MpOBO- 
TMTb B JBYX TepleHAMKYJAPHBbIX HalipaBJICHHAX. 
BpiOupaetTca TO W3MepeHHe, Te CKOpOCTb IIpo- 
BOJIHBI Obiia 


XOKICHHA  YiIbTpa3ByKOBON 


Haumeupien [2, 5]. 
opmysy (1), 
OlIpeyesAIOT KOSMMUUMEHT MPOXOX*KAeCHUA YJIb- 


BnocieqcTBHH, MUCIIONb3yA 


Tpa3BYKOBOM BOJIHBI 


Measurement of the degree of damage to rein- 
forced concrete structures by the FEI FFS TFL 
employee, according to [2], 1s carried out in the 
following order: 

1. Designs for inspection are planned. It can 
be reinforced concrete walls, slabs, bearing rein- 
forced concrete columns; 

2. A design plan (ceiling, wall or column) is 
drawn in scale; 

3. With a step of 25, 50 or 100 cm on the con- 
struction of sound areas; 

Further, the employee of the FEI FFS TFL in- 
cludes a flaw detector, presses the sensors to the 
structure and conducts the measurement on the 
first target section. Since in reinforced concrete 
structures there is an armature increasing the 
speed of passage of an ultrasonic wave, meas- 
urements must be made in two perpendicular di- 
rections. Of the two measurements, the measure- 
ment is chosen, where the velocity of the ultra- 
sonic wave was the smallest [2, 5]. 

Subsequently, using the formula (1), deter- 
mine the transmission coefficient of the ultrasonic 


Wave. 


K=Cy/Co (1) 


roe Cg — CKOpOcTb IIpoxoxKeHHA yilbTpa- 
3BYKOBOH BOJIHbI B TOUKe H3MepeHHsA; Cg — CKO- 
POCTb TIpOxXOxXTeCHHA YUIbTpasBYKOBOM BOJIHbI B 
OeTOHE, He NOJBepraBLIeMCcaA HarpeBy. 

Kak BU HO 43 PopMysibl (1), 4eM MeHbIe 3Ha- 
yeHve KoIMdulMeHta K, Tem Oosee CHJIbHOe T0- 
BpexyeHHe UMeeT 2%*Kee300eTOHHaA KOHCTPyK- 
IA. 

OnpeyenuB 3Ha4eHHe KOoodduuneHta K B 
HaMC4eHHBIX TOUKAX KOHCTPYKUMU WIM MOMellle- 
Hua, coTpyaHuK COY OIIC UII Moxer yenaTs 
BbIBOJbI O MCECTaX BOZ3HHKHOBeCHHA FOpeHHA UH Iy- 
TAX CO pacnpocTpaHeHna. 

B kayecTBe IIpHMepa MO2%KHO MpHBeCcTH TOMe- 
IleHHe, B KOTOPOM CTECHBI BbINOJIHeHbI H3 %*KeJIe- 
300eTOHa JIM OeCTOHHBIX O0KOB. Ouar Toxapa 


paciiosox*KeH B yrily noMeljenHua. Ecru noxKapHaa 





Where Cy is the velocity of the ultrasonic 
wave propagation at the measurement point; 

Co 1s the speed of passage of an ultrasonic 
wave in concrete that has not undergone heating. 

As can be seen from the formula (1), the 
smaller the value of the coefficient K, the stronger 
the damage has the reinforced concrete structure. 

Having determined the value of the coefficient 
K, at the designated points of the structure or 
premises, the employee of the FEI FFS TFL can 
draw conclusions about the places of origin of 
combustion and the ways of its spread. 

An example is a room in which the walls are 
made of reinforced concrete or concrete blocks. 


The fire 1s located in the corner of the room. If the 


ern 





Halpy3kKa B TOMeIICHHM pa3sMell[eHa paBHOMepHO 
WM roprouve MaTepHalIbl UMCFIOT OJMHAaKOBBIe T0- 
*KapOoMacHble CBOMCTBAa, TO cOoTpyqHuKy COY 
OIC UII Merogom yustTpa3ByKoBon edeKTo- 
CKONMM He COCTaBUT Tpya OlIpeeIMTb Oar T10- 
Kapa B MOMeINeHUH (puc. |, a). 

B pe3ylIbTaTe 1oxKapa B 3aHWU WIM MNOMelle- 
HMM MOryT BO3HHKaTb BTOPHYHbIe OYA WoOxKapa 
WIM HaxXOJIMTbCA MeCTa C COCpesOTOUeCHHON M0- 
*KAapHOK Harpy3KOH. ITU PakTOPbI MOTYT OCIOXK- 
HUTb padoTty coTpyzHuKy COY ODIIC UIT! B Bo- 
poce olpeyeseHua UCTHHHOTO (MepBH4HOrO) 
ouara moxKapa (puc. |, dD). 


Quar nomapa 
800-1000 °C 
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fire load in the room is evenly distributed and the 


combustible materials have the same fire hazard 
properties, then it will not be difficult for the em- 
ployee of the FEI FFS TFL to determine the fire 
in the room by the ultrasonic flaw detection 
method (Fig. 1, a). 

As a result of a fire, secondary fire centers or 


places with a concentrated fire load may appear in 


a building or a building. These factors may com- 
plicate the work of the FEI FFS TFL employee in 
determining the true (primary) focus of the fire 
(Fig. 1, b). 
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Puc. 1. Pacnpenenenue kooddunuenta K B NOMeLeHHH MoOx*Kapa C paBHOMepHO 


paciipeyeseHHOHK MOxKapHOu Harpy3KoOHi (a2) U C COCpeqOTOUeHHON NOxKapHOH Harpy3Kon (Dd) 


Fig. 1. Distribution of the coefficient K in a fire room with a uniformly 
distributed fire load (a) and with a concentrated fire load (b) 


OcHosBHas 4acTbp. Temiepatypy Harpesa Oe- 
TOHA BO3MO2%KHO OMpeesIMTb B 3ABMCHMOCTH OT 
3HayeHHa KOIMduMeHTa K [6, TaOnua 8]. On- 
HakO B HacTOAIIee BPCEMA OTCYTCTBYeT MeTOMKa, 
CcoracHO KOTOpOH, 3Had 3HayeHve KOIMMUIMeH- 
Ta K, MO%KHO ObIIO ObI OlIpeseIMTb TeMnepatypy 
Harpepa OeTouHa. Jia HaxoxKaeHnA MopMysIbl, 
CBA3bIBaIOIeM TeMIIepaTypy HarpeBa OeToHa c 
KOIPMUIMECHTOM TpOXOxXKTCHHA YIbTpa3sByKOBOM 
BOJIHbI, BOCHOJIb3YeMCA IpOrpaMMHbIM cpeJi- 
cTBOM Microsoft Excel. 

OueBu HO, YTO 3ABHCHMOCTb Me2*K Ly TeMiepa- 


Main part. In effect since May 1, 2018 [6] 
there is a table 8 according to which the tempera- 
ture of heating of concrete can be determined de- 
pending on the value of the coefficient K. How- 
ever, 1N no normative document there is no for- 
mula by which, knowing the value of the coeffi- 
cient K, it would be possible determine the tem- 
perature of the concrete. To find the formula link- 
ing the temperature of heating concrete with the 
transmission coefficient of ultrasonic waves, you 
need to use the software package Microsoft Ex- 





Typou HarpeBa OeTOHAa Ip NWoxKape u KoImuwH- 


CHTOM IIpOXOXKJCHHA YIbTPa3sBYKOBOH BOJIHBbI (K) 
— 93TO OOpaTHO NponmopuMoHalbHad 3aBHCH- 
MOCTb, TO e€CTb C YBeJIMYeHHeM TeMIIepaTypbI 
Harpepa OeroHa 3HayeHHe KooddunMeHta K 
YMCHbIIaeTcaA. 

J|1d HaxoO7K CHUA TAHHOU 3AaBUCHMOCTH B IIpo- 
TpaMMHoM kKomiiekce Microsoft Excel Ha OCHO- 
BaHHM TadsMUbI 8 [6] Ob MOCTpoeH TOUeUHbIM 
rpaduk, rae mo ocu aOcliMcc OTKIAabIBAaeTCA 
3HayeHHe KOIMMUUMEHTA TpOXOXK CHUA YIbTpa- 
3BYKOBOH BOJIHbI (K), a 10 OCH OpaMHaT — 3Ha- 
yeHve TeMIepaTypbl HarpeBa OeTOHa Ip 10%KAa- 
pe. MU3HayambHo Tpesnouarasx, YTO 3aBHCHMOCTb 
OOpaTHO TponopuMoHalbHad, Oba MpoBeyjeHa 
WMHeMHadA JIMHUA TpeHa MW WOuyIeHO ypaBHeHue 
y=-719,54x+768,28. 
ypaBHeHua ToKa3asia, YTO 3HAYeCHUA TeMIIepaTy- 


IIpopepka nosly4aeHHoro 
pbl HarpeBa OeTOHA CHJIBHO OTIIMYAIOTCA OT TeX, 
KOTOpble yKa3aHbI B TaOmMuue 8 [6]. Makcumalb- 
Had MOMpeliHOCTh pe3ybTaTOB HaOsOWaeTca pu 
3HayeHHH KooddunvenHta K=0,7 u coctTaBilsaerT 
eo aan 

Jlanee 7a aHamM3a Oba B3ATa MOJIMHOMH- 
allbHad JIMHHUA TpeHa UW ObWIM pacCMOTpeHBI 4e- 
TbIpe ypaBHeHHA pa3Horo TopsyKa. [loctpoeust 
COOTBeETCTBYIOlMMe TpapuKU, MWpeACTaBJICHHbIie Ha 
puc. 2-5. 
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cel. 

According to logical considerations, the rela- 
tionship between the temperature of concrete 
heating in a fire and the transmission coefficient 
of an ultrasonic wave (K) is inversely proportion- 
al, that is, with an increase in the temperature of 
heating concrete, the value of the coefficient K 
decreases. 

To find this dependence, a point chart was 
plotted on the basis of Table 8 [6], where the ul- 
trasonic wave transmission coefficient (XK) is plot- 
ted along the abscissa axis, and the value of the 
concrete heating temperature during the fire is 
plotted along the ordinate axis. Initially assuming 
that the relationship is inversely proportional, a 
linear trend line was drawn and an equation y = - 
719,54x + 768,28 was obtained. Verification of 
the equation obtained showed that the values of 
the temperature of heating concrete are very dif- 
ferent from those indicated in Table 8 [6]. The 
maximum error in the results is observed at a val- 
ue of K = 0.7 and is 35 °C. 

Next, a polynomial trend line (quadratic de- 
pendence) was taken for analysis and four equa- 
tions of different order were considered. The cor- 
responding graphs shown in Fig. 2-5. 
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3HayeHMe KOSOOuUuUNeHTA K 


Puc. 2. YpapHenue 2-ro nopayKa y = ~283,01x° — 377x + 685,13 


Fig. 2. Equation of the second order y = —283,01x° — 377x + 685,13 
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Puc. 3. YpapHenue 3-ro nopayKa y = ~302,1x° + 258,7x" — 663,38x + 726,9 
Fig. 3. Equation of the third order y = —302,1x° + 258,7x° — 663,38x + 726,9 
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Fig. 4. Equation of the 4th order y = —1300,4x* + 2857,2x° — 2390,2x° + 218,98x + 632,36 
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Fig. 5. Equation of the 5th order y = 25124x — 79838x" + 95994x° — 54088x° + 13393x — 563,18 
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IIpoaHanu3upoBaB =TOuyaeHHbIe §=6rpaduku 
MOXKHO ClewaTb BbIBO, UTO C YBeJIM4eHHeM II0- 
paqKa ypaBHeHHA TOUHOCTh pe3yJIbTaTOB CTaHO- 
BUTBbCA Bbie. B ypaBHeHHu 5-ro MopayKa, Tak 
Ha3bIBaeMad «OOpaTHO MPOMOpIMOHaJIbHOCTb»» 
HapyllaeTca, 4TO 3AMeTHO B HHTepBasle KoIpdu- 
uuenta K oT 0,2 qo 0,4. CBegem Bce NoJIy4eHHBIe 
ypaBHeHua B OJHY TaOMLy UM ONpeyesyIMM MakK- 
CUMAJIbHY!IO IIOrpellHOCTb pe3yJIbTAaTOB JIA Kark- 
oro 3HayeHua KOoomduunenta K (tTaodn. 1). pu 
9TOM TIO IIOJIYYCHHbIM YpaBHeHHAM paccuuTaeM 
TeMlepaTypy HarpesBa OeToHa pu K = 0,1; 0,3; 
0,6, MOCKOJIBKY 3HAYCHUM TeEMMepaTypbl IA WaH- 
HbIX KOIMDUMUMEHTOB HeT B Taste 8 [6]. 


Thus, analyzing the obtained graphs, we can 
say that with an increase in the order of the equa- 
tion, the accuracy of the results becomes higher. 
In the fifth-order equation, the so-called "inverse 
proportionality" is violated, which is noticeable in 
the range of the coefficient K from 0.2 to 0.4. We 
shall not consider this equation further. 

We reduce all the equations obtained in one 
table and determine the maximum error of the 
results for each value of the coefficient K (Table 
1). In this case, from the equations obtained, we 
calculate the heating temperature of concrete at K 
= 0.1; 0.3; 0.6, since there are no temperature 
values for these coefficients in Table 8 [6]. 

Taosutta | 
Table 1 


3HayeHHe TeMMepaTypbl HarpeBa OeTOHA B 3ABMCHMOCTH OT 3HaYeHHA KOIMMUUMeHTA 


MIpOXOK CHUA YIIbTpa3sBYKOBOH BOJIHBI (K) 


The value of the temperature of concrete heating, depending on the value of the 


transmission coefficient of the ultrasonic wave (K) 


3HayeHne i K 
The value i the coefficient K 


YpaBHeHue JIA 


MakcuMalib- 


Had Worpell- 
HaxoO*K CHA TeMiepa- 
Gerona HOCTb H3Me- 
TYpbI HarpeBa . 

e equation for find- 
aan, 0,2 | 03 | 0,4 | 0,5 Maximum 
ing the temperature of 

measurement 

heating concrete , 

error, °C 


Ilo TaOnuue 8 [6] 


JlwHenHoe 


= [600 | =| 00 | 400 | =| 300 | 300 | 120 [30 ats 


y =—283,01x° — 377x + 645 | 598 | 547 | 489 | 426 | 357 | 283 | 202 | 117 | 25 
685,13 
y =-302,1x + 258,7x 
663 | 602 | 543 | 484 | 422 | 357 | 286 | 207 | 119 20) 
— 663,38x + 726,9 


2857,2x° — 2390,2x° + | 633 | 601 | 550 | 487 | 420 | 352 | 282 | 208 | 123 
218,98x + 632,36 


IlonuHOMHaJIbHBIe 


y =—1300,4x" + 


OueBU HO, 4TO HaWvOosIee TOUHbIM ypaBHeHH- 
eM JIA OllpeqeueHuA TeMIepaTypbI HarpeBa Oe- 
TOHA ABJIACTCA YoaBHeHue 4-ro nopsyKa: 





Thus, by calculating the temperature of heat- 
ing concrete for each value of K, we can conclude 
that the most accurate equation for determining 
the temperature of heating concrete is the equa- 
tion of the 4th order: 


= —1300,4x* + 2857,2x° — 2390,2x° + 218,98x + 632,36. (2) 
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MakcuMasibHad TOrpeliIHOCTbh pe3YIbTaTOB 
9TOrO ypaBHeHua cocTaBiaeT 20 °C, 4TO ABIIAeT- 
CA He3HA4HTCJIbHbIM TIpH TeMilepaType HarpeBa 
OeTOHAa, paBHor 400 °C. 

3Had TeMIlepaTypy HarpeBa OeTOHa, MO2%KHO 
OlpeesIUTb OCHOBHbIe IIPOUHOCTHbIe XapakTepu- 
CTHKM OeTOHAa MocHe Noxapa — HOPMaTHMBHOe U 
pacueTHOe COMpOTUBsIeHHe OeTOHA OCEBOMY ©2Ka- 
THIO (Ron, Rp tem) UW HOPMaTHBHOe HM pacdeTHOe 
CONPOTHBJIGHHe OCeEBOMY pacTsKeHHIO (Rpm, 
Rott). 

ITpeacTaBsIeHHbIie BbIMIe MPOUHOCTHbIe Xapak- 
TePHCTHKU MOX%KHO HalTH 10 PopMysiam (3-6): 


The maximum error in the results of this equa- 
tion is 20 °C, which is quite insignificant at a 
concrete heating temperature of 400 °C. 

Now, knowing the temperature of concrete 
heating, it 1s possible to determine the main 
strength characteristics of concrete after a fire — 
the normative and design concrete resistance of 
axial compression (Ron, Rp tem) and the standard 
and design resistance to axial tension (Roinr, Row). 

The strength characteristics presented above 
can be found from formulas (3-6): 


Ront = Ron-Vo1 ' (3) 
Rotem = Ro-Yor, (4) 
Rom = RomY a (5) 
Roy = Rou (6) 


rae Ryn, Rp — COOTBETCTBCHHO HOPMaTHBHOeE U 
pacueTHOe COMpoTHBeHHe HeHarpeToro OeToHa 
CKATHHO, OMpesleIAeMOe B 3ABMCMMOCTH OT KIIaCc- 
ca OeToHa 10 TaOmMue 2.1. [7]; Rom, Ro — COOT- 
BeETCTBCHHO HOPMAaTHBHOe UH pacueTHOe COrIpo- 
THBJIeHHve HeHarpeToro OeTOHa pacTs»KeHUIO, 
oOlipeyjesIaeMOe B 3ABHCMMOCTH OT KuIacca OeTOHAa 
mo TaOnmiue 2.1. [7]; Yor, Yr —- COOTBeETCTBeHHO 
KOIMMHUMEHTHI yCHOBUH padoTbl OeTOHa pH 
KATH U pactsKeHuH. JJaHHbIe KOIPMUWMeHTHI 
3aBHMCAT OT Bua OeTOHa HM TeMIepaTypbI ero 
HarpeBa UM onpeyeuaroTca 10 TaOnuie 2.2. [7]. 

Ilockonbky oOcieqOBaHuve 2x*Keswe300eTOHHbIX 
KOHCTPyKUMH MpOBOAAT Wocue Mo*Kapa, TO 3Ha- 
YeHUA KOOPMUUMCHTOB Yp;, Vx CeyeT OpaTb B 
TaOsMie 2.2. [7] moa 4epTon. 

Jia UcciexqOBaHua %*KesIe300eTOHHBIX KOH- 
CTpyKUMH Wocie NoxKapa, HaxXoOx%xK CHUA TeMiepa- 
TYpbl HarpeBa OeTOHAa, HOPMATHBHBIX UH pacueT- 
HbIX COMPOTHBIICHHH OeTOHAa C2xKATHIO U pacTsKe- 
HHIO aBTOPOM OBIJI COCTaBJICH aJITOPUTM, peri- 
CTaBJICHHbIM Ha puc. 6. 

Ha oOcHOBaHHH JJaHHOrO alIrOpHTMa MO%KHO 
pa3pa0oTaTb TporpaMMy JIA yJIbTpa3ByKOBOrO 
jedekKTockona. 





where Rp,, Rp, are the normative and design re- 
sistance of unheated concrete to compression, re- 
spectively. It is accepted depending on the class 
of concrete according to table 2.1. [7]; 

Rom, Ry are the normative and design re- 
sistance of unheated concrete to tension, respec- 
tively. It is accepted depending on the class of 
concrete according to table 2.1. [7]; 

You Yu — respectively, the coefficients of work- 
ing conditions of concrete under compression and 
tension. These coefficients depend on the type of 
concrete and the temperature of its heating. Ac- 
cepted equal to the table 2.2. [7]. 

Since the survey of reinforced concrete struc- 
tures 1S carried out after a fire, the values of the 
coefficients Y,;, Yz Should be taken in Table 2.2. 
[7] under the bar. 

For the investigation of reinforced concrete 
structures after a fire, finding the temperature of 
concrete heating, the standard and design re- 
sistance of concrete to compression and stretch- 
ing, an algorithm was compiled in Fig. 6. 

Based on this algorithm, you can develop a 
program for an ultrasonic flaw detector. The pro- 
cedure for calculating the program using this al- 


gorithm is as follows: 


a 





Cy Co Rom Re Rom Re 


k:=C,/Co 


Hem Owm6xa, HenpaBunbHo 
BBEMeHO 3HaYeHve C, 


fla 


t: = -1300,4k*4+2857, 2k*3-2390,2k*2+218, 98k+632, 36 





Aa Vor = 7 








fla 
Bemon Ha cunuxamnom 
Janonnumene ? 


Vor = 1-0,05(t-20)/180 
Vx = 1-0,4(t-20)/180 







6emor Ha cunuxamnom 
sanonuumene ? 


Vor = 1-0,05(t-20)/180 
Ve = 1-0,35(t-20)/1 80 









Ver = 0,95-0,05(t-200)/100 
Vo = 0,6-0,15(t-200)/100 
















Semox Ha CunucamHom 
sanonnumene ? 


fla 
200 < ts 300 


Hem 


Ala 
300 < ts 400 


Hem 


400 < ts 500 


Hem 


Yee = 0,95-0,05(t-200)/100 
Ye = 0,65-0, 15(t-200)/100 
















Ve = 0,9-0, 1(t-300)/100 
Vx = 0,45-0, 15(t-300)/100 


Bemoxw va cunuxamHom 
aanonwumene? 


Vee = 0,9-0,05(t-300)/100 
V_ = 0,5-0,15(t-300)/100 

























Vee ® 0,8-0, 1(t-400)/100 
Vx = 0,3-0,15(t-400)/100 


Semoxu Ha cunuxamHom 
JanonHumene ? 


Vee = 0,85-0,05(t-400)/100 
V» = 0,35-0, 15(t-400)/100 









Vee = 0,7-0,2(t-500)/100 
Ve = 0,15-0, 12(t-500)/100 


Rone = Roe¥ ot 
Hem fla RR, =R, 
Bemow wa CunuKamunom 500 < t s 600 Semon va cunuxamnom b.tem — *eVee 
sanonnumene? sanonnumene? Rowe = RewnVu 
Ron = Run 


Vie = 0,8-0,2(t-500)/100 
Vo = 0,2-0,15(t-500)/100 












)KBK umeem cunbHbie noepexdexus, NocKONbKy 
memnepamypa Haepeea 6emona > 600 °C. 
HopmamueéxHoe conpomuenexue 6bemona 
cxamuw < R,,,, ; 

Pacyemuoe conpomuenenue 6bemona 
cxKamuw < Ry som? 

Hopmamuexoe conpomuenexue 6bemoHa 
pacmaxexun < Ry, ; 

Pacyemxoe conpomuenenue 6emona 
pacmsxeHuw < Ri». 


Sw KoHeu 


Puc. 6. byloK-cxema asIropHTMa HaxoOxK CHUA TeMIepaTypbl HarpesBa UW IpOUHOCTHBIX 
XapaKTepucTHK OeTOHA TociIe WoxKapa 
Fig. 6. Block diagram of an algorithm for finding the heating temperature and strength characteristics of 
concrete after a fire 
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Ilops0k paOorTbI IporpaMMBI 110 yKa3aHHOMy asIrOpuTMy CJlexqyrouMi: 


1. HeoOxoaqumMo BblOpaTb Kiacc OeTOHA, 13 
KOTOPOrO H3rOTOBJICEHa KOHCTPyKIIMA (aBTOMATH- 
YeCKH 3aatoTcaA 3HadeHHA Co, Ryn, Ry, Rom, Rot), 
3aTeM BBeCTH 3HayeHHe (PakKTHYeCKOM CKOpOCTU 
IIPOXOXKICHHA YIbTpa3sByKOBOM BOJIHbI B TOUKe 
u3MepeHHa Cy; 

2. Bsrauciaetca 3HayeHve Kkoodduunenta K 
m0 dopmyaie (1); 

3. Ipopepsetca ycnopue — kosdduunent K 
JOJDKeH HaXOJIMTbCA B MHTepBase OT 0 oO 1. Ecam 
«Jia», TO IporpaMMa TpoyOJpKaeT pacueT, ecu 
«HeT™, Ha 9KpaHe MOABIAeTCA CooOmeHHe 
«OmmOka, HelpaBHJIbHO BBeeHO 3HayeHHe Cy»; 

4. IlomyaeHHoe 3HayeHve KoImddulMeHTa K 
HOJCTaBLAeTCA B PopMyiy (2) u oNpeyensetca 
TeMIlepatypa HarpeBa OeTOoHAa; 

5. Omnpejesaetca WMHTepBall TemMMepaTyp, B 
KOTOPbIM MonagzaeT HaleHHad 10 MopmMyuie (2) 
TeMIlepatypa HarpeBa OeToHa; 

Ecam TemMilepatypa HarpeBa OeToHa (ft) Haxo- 
JMTbCA B UHTepBase OT 17,94 no 20 °C, To Zamee 
IporpaMMa jielaeT 3ampoc «beToH Ha CHJIMKaT- 
HOM 3anOJIHUTese?». OTBeT «HeT» Noapa3yMeBa- 
eT, UTO OeTOH Ha KapOOHAaTHOM 3anouHuTese. B 
JJaHHOM JiMala30He TeMMepaTyp AIA CHIMKaTHO- 
TO HW JIA KapOOHaTHOrO 3alOJIHHTeIA 3HAICHUA 
KOIPMUUMEHTOB YCJIOBMM padoTb! IPHHUMAarOTCA 
paBHbimy | (yy = 1; yx = 1) W 3Ha4deHHA WpoU- 
HOCTHBIX XA@PaKTeCPHCTUK COOTBETCTBYIOT Xapak- 
TepHCTHKaM OeTOHa B HeHarpeTOM COCTOAHHU 
(Ront = Ron; Rotem = Ro; Rom = Rom; Row = Ror); 

Ecm Temiepatypa HarpeBa OeTOHAa HaxOJUTCA 
B WHTepBane OT 20 yo 200 °C, mporpammMa BBI- 
IOJIHACT TOT 2K 3allpOc, 4YTO UH B MpebIAyUleM 
IyYHKTe ayroputMa. Jia OeToHa Ha CHJIMKaTHOM 
3allOJIHUTese, Ha OCHOBaHHU TaOdsMbI 2.2. [7], 
3HayeHHaA KOo@MUUMeEHTOB yCJIOBHH padorTH 
ONpeesAIOTCA MeCTOJOM JIMHeCMHOW UHTepnossA- 


IMM 10 PopMyiaM (7) u (8): 


1. It is necessary to choose the class of con- 
crete from which the construction is made (the 
values Co, Ron, Rp, Rom, Roe are automatically set) 
and enter the value of the actual ultrasonic wave 
velocity at the measurement point Cg; 

2. Calculate the value of the coefficient K by 
the formula (1); 

3. The condition is checked - the coefficient 
K must be in the range from 0 to 1. If "Yes", the 
program continues the calculation, if "No", the 
message "Error, incorrectly entered value Cg" 
appears on the screen; 

4. The obtained value of the coefficient K is 
substituted into the formula (2) and the tempera- 
ture of the concrete heating is determined; 

5. Next, the program finds the temperature 
range into which the temperature of the concrete 
heating found by formula (2) falls; 

If the temperature of concrete heating (f) 1s 
in the range from 17,94 to 20 °C, then the pro- 
gram makes a request "Concrete on silicate ag- 
gregate?". The answer "No" implies that the con- 
crete 1s on a carbonate aggregate. In the given 
temperature range, that for the silicate one, for the 
carbonate filler, the values of the operating condi- 
tions coefficients are assumed to be equal to 1 (Ya, 
= 1; yw = 1) and the values of the strength charac- 
teristics correspond to that for concrete in the un- 
heated state (Ron = Ron; Rotem = Ros Rome = Rom; 
Rou = Ror); 

If the temperature of concrete heating is in 
the range from 20 to 200 °C, the program per- 
forms the same request as in the previous para- 
graph of the algorithm. For concrete on silicate 
aggregate, based on Table 2.2. [7], the coeffi- 
cients of the operating conditions are determined 
by the method of linear interpolation from formu- 
las (7) and (8): 


Yor = 1-0,05-(t-20)/180, (7) 

V2 = 1-0,4-(t-20)/180. (8) 

Jina OeTOHa Ha KapOOHAaTHOM 3alOJIHUTese 10 
(bopMysiaM (9) u (10): 


For concrete on a carbonate aggregate accord- 
ing to formulas (9) and (10): 


Yin = 1-0,05-(t-20)/180, (9) 
Yn = 1-0,35-(t-20)/180. (10) 





a 





B untepsasie oT 200 go 300 °C, aa OeTOHa Ha In the range from 200 to 300 °C, for concrete 


CHJIMKaTHOM 3allOJIHHTee KOIPMHIMECHTHI YCJIO- on a silicate aggregate, the coefficients of operat- 
BUM paOoTsI OllpesesAIOTCA 10 PopmMysiaM (11) u ing conditions are determined by formulas (11) 
(12): and (12): 
Yor = 0,95—0,05-(t#—200)/100, (11) 
¥ 11 = 0,6—0,15-(#-200)/100. (12) 
Jia OeTOHa Ha KapOOHATHOM 3allOJIHUTesIe 0 For concrete on a carbonate aggregate accord- 
(bopmysiam (13) u (14): ing to formulas (13) anOd (14): 
Yor = 0,95—0,05-(t#-200)/100, (13) 
Vi = 0,65—0,15-(t#-200)/100. (14) 
B untepsasie oT 300 go 400 °C, aa OeTOHa Ha In the range from 300 to 400 °C, for concrete 
CHJIMKaTHOM 3allOJIHHTese KOIPMHIMeCHTHI YCIO- on a silicate aggregate, the coefficients of operat- 
BUM paOoThI OlpewesAIOTCA 10 PopMysiaM (15) u ing conditions are determined by formulas (15) 
(16): and (16): 
Yor = 0,9-0, 1 -(t-300)/100, (15) 
V1 = 0,45—0,15-(-300)/100. (16) 
Jia OeTOHa Ha KapOOHATHOM 3allOJIHUTesIe 0 For concrete on a carbonate aggregate accord- 
(bopmysiam (17) u (18): ing to formulas (17) and (18): 
Yor = 0,9-0,05-(t-300)/100, (17) 
V1 = 0,5—0,15-(#-300)/100. (18) 
B untepsase oT 400 yo 500 °C, aun OeTOHa Ha In the range from 400 to 500 °C, for concrete 
CHJIMKaTHOM 3allOJIHHTese KOIPMHIMeEHTHI YCJIO- on a silicate aggregate, the coefficients of operat- 
BUM paOoTsI OlIpewesAIOTCA 10 PopMysiam (19) u ing conditions are determined by formulas (19) 
(20): and (20): 
Yor = 0,8—0, 1 -(t400)/100, (19) 
Y 1 = 0,3—0,15-(400)/100. (20) 
JIia OeTOHa Ha KapOOHATHOM 3allOJIHUTesIe 0 For concrete on a carbonate aggregate accord- 
(bopMysiaM (21) u (22): ing to formulas (21) and (22): 
Yor = 0,85—0,05-(t400)/100, (21) 
¥ 21 = 0,35—0,15-(-400)/100. (22) 
B untepsase oT 500 yo 600 °C, aun OeTOHa Ha In the range from 500 to 600 °C, for concrete 
CHJIMKaTHOM 3allOJIHHTese KOIPMHIMEHTHI YCJIO- on a silicate aggregate, the coefficients of operat- 
BUM paOoTsI OlpesesAIOTCA 10 PopMysiaM (23) u ing conditions are determined by formulas (23) 
(24): and (24): 
Yor = 0,7—0,2-(t-500)/100, (23) 
V1 = 0,15—0,12-(t#-500)/100. (24) 
JIia OeTOHa Ha KapOOHATHOM 3allOJIHUTesIe 10 For concrete on a carbonate aggregate accord- 
(bopmysiam (25) u (26): ing to formulas (25) and (26): 
Yor = 0,8—0,2-(t-500)/100, (25) 
¥ 1 = 0,2—0,15-(t-—500)/100. (26) 
Ecim 2%e TemMilepaTypa HarpeBa OeToHa mpe- If, however, the temperature of concrete heat- 
BbiuaeT 600 °C, TO IporpamMMa IIpHHuMaeT AIA ing exceeds 600 °C, the program takes the coeffi- 
OeTOHa Ha CHJIMKATHOM 3anouHuTese KoIpmUunH- cients of the operating conditions y,, = 0,5 for 
CHTbI YCJIOBHM paoorTEl Yp; = 0,5; Yr = 0,03, a nA concrete on a silicate aggregate; y, = 0,03, and 
OeTOHa Ha KapOOHAaTHOM 3anOuHUTee Yp; = 0,6; for concrete on carbonate filler y,, = 0,6; yx = 
Yi = 0,05. 0,05. 
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6. Ha aHHOM 9Talle OCYIIeCTBIIAeTCA pacueT 
IIPOUHOCTHBIX XAapaKTepHCTHK OeTOHAa 10 (opMy- 
jiaM (3-6). 

7. 3aKIKOUNTeCIbHbIM 93TAIOM padoThI Tpo- 
TPpaMMBbI ABJIACTCH BbIBO, pe3yJIbTaTOB pacuerTa. 
30€Cb BO3MO%XKHO Ba BapWaHTa BbIBOJa Pe3yIb- 
TATOB: 

a) Ecim Temilepatypa HarpeBa OeTOHa Haxo- 
JMTbCA B MHTepBasie OT 17,94 no 600 °C BKIrOUN- 
TeCJIbHO, TO Ha IKPaH BbIBOAHTCA 3HadeHHe TeM- 
llepaTypbl HarpeBa OerToHa (ft), HOPMaTHBHOe Co- 
IIPOTHBAeHHe OeTOHa C2#KATHIO (Ron), PAacdeTHOe 
CONPOTHBJIeHHe OeTOHA C2#*KATUHIO (Rp tem), HOPMAa- 
THBHOe€ COMpOTHBeHHe OeTOHa pacTs2»KeHHIO 
(Rom), PACHeTHOe COMpOTHBAeHHe OeTOHAa pac- 
TSDKCHHIO (R pz); 

6) Ecum TemiepaTtypa HarpeBa OeToHa Ipe- 
BbuuaeT 600°C, TO porpamMa BBIBOJMT Ha 
9KpaH cooomeHve, 4TO 2%*ee300eTOHHadA KOH- 
CTPYKUMA WMeeT CHJIbHbIe MOBpexKAeHHA, T0- 
CKOJIBKY TeMMepaTypa HarpeBa OeTOHa > 600 °C. 
HopMatTuBHoe COlnpoTHBsIeHHe OeTOHAa C2KATHIO < 
Ront, PACHeETHOE COMPOTHBIeHHe OeTOHA C2KAaTHIO 
< Rprem, HOPMATHBHOe COMpOTHBIIeHHe OeTOHa 
pacTsKeHHtO < Rpyyn;, PaCueTHOe COMPOTUBJIEHHe 
OeTOHAa pacTs2KeHHIO < Rpy. 

3akmo4ueHne. I[porpaMMupoBaHue = ysIbTpa- 
3BYKOBOrO jle@eKTOCKONa Ha OCHOBe pa3pado- 
TaHHOTO aBTOPOM aJIrOpHTMa HO3BOJIMT Mp u3- 
BeECTHOH CKOPOCTH IIpOXOXKJCHHA YJIbTPa3zsByKO- 
BOM BOJIHbI OMpeeuATb TeMlepaTypy HarpeBa 
7KeTIE3OOCTOHHBIX KOHCTPyKIMH, a TaKxKe OCHOB- 
HbIe MPOUHOCTHbIe XapaKTepHCTHKU OeTOHA I0- 
cue Noxapa. YCOBepIICHCTBOBaHHbIM yJIbTpa3By- 
KOBOH JedeKTOCKON OyeT Noue3eH Kak COTPYyA- 
HukaM COY OIC UII, Tak u opranu3aiuaM, 
OCYII[CCTBJIAIOIIMM OICHKyY OCTATOUHON Hecylllen 
CIOCOOHOCTH 2KesIe300CTOHHBIX KOHCTPYKIIMM 
oce Wo*Kapa. 

Vi3yyeHue TexHWueCKHUX XapaKTepHCTHK U 
IIPHHUMMOB paOOTbI COBPCMCHHBIX YJIbTpa3ByKO- 
BbIX edexTocKonoB (Starmans DIO 1000 
LF, YCJ-60H, A1040 MIRA, A1220 MOHO- 
JIMT), tpeqHa3HayeHHbIx JWIa UcciTesOBAaHui 
KaMCHHBbIX MaTepHasioB, a Tak?%Ke aHasiu3 Hay4- 


HbIX paOoT UM CTaTeH, MOCBAIICHHBIX MeTOJLY YJIb- 





6. At the next stage, after determining the co- 
efficients of concrete working conditions, the 
strength characteristics of the concrete are calcu- 
lated using formulas (3-6). 

7. The final stage of the program is the deri- 
vation of the results of the calculation. There are 
two possible output options: 

a) If the temperature of the concrete heating 1s 
in the range from 17,94 to 600 °C inclusive, the 
value of the concrete heating temperature (f), the 
concrete resistance of the concrete (Ron;), the cal- 
culated resistance of the concrete to compression 
(Rp tem), Standard tensile resistance of concrete 
(Ropinr), design tensile strength of concrete (Rp;); 

b) If the temperature of concrete heating ex- 
ceeds 600 °C, the program displays a message 
that the reinforced concrete structure is severely 
damaged, since the temperature of the concrete 
heating is > 600 °C. The normative resistance of 
concrete to compression < R,,;, the design re- 
sistance of concrete to compression < Rp tem, the 
tensile strength of concrete < Rpm, the design re- 
sistance of concrete to stretching < R py. 

The conclusion. Programming of the ultra- 
sonic flaw detector according to the algorithm 
presented in this article will allow to determine 
the temperature of heating of reinforced concrete 
structures, as well as the basic strength character- 
istics of concrete after a fire, at a known ultrason- 
ic wave transmission speed. The improved ultra- 
sonic flaw detector will be useful both for the 
employees of the FEI FFS TEL, as well as for or- 
ganizations that evaluate the residual load-bearing 
capacity of reinforced concrete structures after a 
fire. 

Study of technical characteristics and princi- 
ples of operation of modern ultrasonic flaw detec- 
tors (Starmans DIO 1000 LF, USD-60N, A1040 
MIRA, A1l220 MONOLITH) intended for re- 


search of stone materials, as well as analysis of 
scientific papers and articles devoted to the meth- 





Tpa3BYKOBOH AedekTocKkonun [8—10], 1O3BONAFOT 
TOBOPHTb O TOM, 4TO IIpewiaraeMbId B HacTos- 
ieH padOoTe MeTOy, OnpeyeneHuA TeMMepatypbl U 
IpOuHOcTH OeTOHa Tocie WoOxKapa ABIIAeCTCA HH- 
HOBallMOHHBIM. 
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od of ultrasonic flaw detection [8-10], allow us to 
say that the method proposed in this article for 
determining the temperature and strength of con- 
crete after a fire 1s innovative. 
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